Objective: To evaluate the impact of the adaptation of an existing electronic referral application for use in antimicrobial stewardship prospective audit and feedback rounds (antimicrobial rounds). Design: Retrospective, single-centre observational study between March 2015 and February 2016. Setting: A new quaternary referral centre. Study Participants: Adults referred for antimicrobial rounds outside of the intensive care and haematology units. Intervention: Adaptation of an electronic referral application used by medical and allied health staff. A questionnaire-style referral form was designed to capture patient clinical details using a combination of free text and dropdown menus. Clinical pharmacists were educated and granted access to the system. Main Outcome Measures: The proportion of completed electronic referrals of total round reviews by month for the 12 months after implementation. The time from request to completion of reviews. The impact on adherence to advice provided on rounds. The impact on the institutional usage of broad-spectrum antibiotics: glycopeptides, carbapenems, third and fourth generation cephalosporins, fluoroquinolones and piperacillin/tazobactam. Results: Over the study period, the proportion of electronic referrals of completed antimicrobial round reviews increased from 59% to 88% (P < 0.001); 75.7% of accepted electronic referrals were seen within 48 h of request. The proportion of advice ignored fell from 18% to 8.5% (P < 0.001). Piperacillin/tazobactam, fluoroquinolone and glycopeptide usage decreased. Conclusions: The adaptation of an electronic referral application for antimicrobial rounds was associated with increased adherence to advice and reduction in use in target antibiotics. Our model is now used at other institutions.
Introduction
Antimicrobial stewardship programs (ASPs) aim to optimise clinical outcomes while minimising unintended consequences of antimicrobial use [1] . Antimicrobial use exerts selection pressure on microbial populations, driving selection for resistant organisms, and on an individual level is a common cause of adverse drug events, such as hypersensitivity reactions [2, 3] . ASPs consist of several elements, including antimicrobial stewardship prospective audit and feedback rounds (antimicrobial rounds) [1, 4] . Antimicrobial rounds are performed to rationalise antimicrobial therapy after it is prescribed and to provide feedback to prescribers in light of subsequent patient clinical and laboratory data. Antimicrobial rounds are a key element of an effective ASP in the effort to reduce inappropriate and excessive antimicrobial use [4] .
Australian antimicrobial use is excessive. In 2015, Australian hospital antibacterial use was greater than in most comparator countries, including United Kingdom, the Netherlands, Norway, Denmark and Sweden [5] . Australia has attempted to address its antimicrobial use systematically at national and institutional levels [5] . The Australian Commission for Safety and Quality in Healthcare published guidelines for ASPs in Australian Hospitals in 2011 [6] , and ASPs have been mandated in Australian Hospitals since 2013 [7] . The Australian hospital antimicrobial usage rate has been decreasing since it peaked in 2010, probably as a result of antimicrobial stewardship efforts [5] .
Some Australian ASPs utilise web-based antimicrobial approval and decision support systems [8, 9] , however, many Australian healthcare institutions do not have electronic solutions to antimicrobial stewardship and electronic prescribing is not yet available as a standard of care [8] . We present an evaluation of the adaption of a locally developed state Department of Health electronic consultation notification system (known as 'eReferrals') for use in antimicrobial rounds at this new institution.
Methods
The setting is a 783-bed quaternary teaching hospital that opened fully in February 2015. Hospital policy aims to restrict use of broad-spectrum antimicrobials such as carbapenems, fluoroquinolones, third and fourth generation cephalosporins, piperacillin/tazobactam and glycopeptides (principally vancomycin). Antimicrobial rounds primarily focus on the unapproved or prolonged use of restricted broad-spectrum antibacterials, although they also review antifungal and antiviral use where indicated.
Antimicrobial rounds are conducted every weekday by a rostered Infectious Diseases (ID) physician and the ID pharmacist on wards within the main hospital. As reported previously [10] , separate stewardship arrangements exist for the intensive care unit and the rehabilitation wards. Both hospital doctors and clinical pharmacists can refer patients for review on antimicrobial rounds. Unlike formal ID consultation, antimicrobial rounds consist of chart and electronic medical record review without direct bedside patient evaluation. Rationalisation of antimicrobial therapy based on clinical status and laboratory results is actively promoted. Immediate feedback to prescribers through direct or telephone contact is provided at the time of review whenever feasible.
Although the hospital has a focus on electronic healthcare management, electronic prescribing has not been implemented and there are no other means to automatically track the prescription of restricted medications. At the time of hospital commissioning, it was therefore proposed that referrals for antimicrobial rounds would be notified to the ID pharmacist in person, or by telephone, email or pager according to established methods in place at existing tertiary hospitals within the state [11] . This system largely relies on wardbased clinical pharmacists to identify and refer patients without an appropriate management plan during their prescription chart review. To facilitate the referral process we negotiated access for clinical pharmacists to 'eReferrals'.
'eReferrals' is an electronic web-based referral system designed to support the management of referrals for specialist medical, allied health or nursing consultation by medical and other clinical staff. The software uses a combination of Microsoft.NET MVC technology and Ext JS, a JavaScript framework for rendering the components on screen, and was released in 2012 by the statewide hospital information technology network of the Department of Health. Health Common User Interface components are used to provide consistency across statewide health applications. Consultations completed within 'eReferrals' populate the clinical management software available at public hospitals statewide, allowing access by clinicians at non-'eReferrals' sites.
A simple questionnaire-style referral form (see Fig. 1 ) was designed that could be completed in~1 min. Referrals are submitted under the following categories: use of restricted antimicrobials, seeking antimicrobial advice and receipt of prolonged antimicrobials. Additional fields capture microbiology results, allergies, clinical presentation, past medical history and antibiotic therapy, and there is also an information tab for the recording of other relevant clinical information.
Training of pharmacists in the use of 'eReferrals' was performed by the ID pharmacist at a clinical pharmacist education meeting in February 2015. Ongoing feedback regarding usage and uptake of electronic referrals was provided at subsequent meetings. Antimicrobial round 'eReferrals' are triaged by the ID pharmacist according to urgency, length of antimicrobial therapy and appropriateness. During the rounds, recommendations to the managing team are entered as free text into the response field by the ID physician and uploaded into the patient's medical record. The recommendations are advisory only, and no changes to the patient's medication charts are made by the ASP team.
The ID pharmacist prospectively manages an in-house ASP database that includes the route of referral (e.g. phone, email, 'eReferral') as well as a record of the nature of and adherence to advice provided on antimicrobial rounds. Advice is categorised as: dosing, choice of antimicrobial, route of administration, duration of treatment and non-antimicrobial advice (including laboratory tests and the suggestion of formal ID consultation for complex cases). Adherence by the managing team to each component of advice is reviewed 48 h after it has been provided by interrogating the electronic medical record, and is categorised as either 'followed' or 'not followed'.
For the current analysis, data on adherence to antimicrobial round advice, source of referral (pharmacist or medical staff) and route of referral for antimicrobial rounds from March 2015 to February 2016 were extracted from our in-house ASP database. Antibacterial usage was obtained from pharmacy dispensing records and expressed as defined daily doses per 1000 occupied bed days using hospital occupancy data. Referral and antibacterial usage data associated with the intensive care unit and rehabilitation wards were excluded.
Linear trends for the proportions of 'eReferrals' and advice not followed were assessed through the Wald chi-squared P-value for period (months) using logistic regression models. The uptake of 'eReferrals', i.e. use of 'eReferrals' versus other routes of referral, was also assessed as a quadratic trend in a logistic regression model. Trends in antibiotic usage were assessed using Poisson regression with period (month) as a continuous variable, including period squared if the shape of the curve resembled a second-order polynomial.
This project was approved as a Quality Activity by the Institutional Quality Improvement Committee and as exempt from requiring Human Research and Ethics Approval (Ref 8727).
Results
There were 2299 'eReferrals' for antimicrobial rounds received between March 2015 and February 2016, of which 86.6% were submitted by a clinical pharmacist. There was no significant change in the proportion of total referrals referred by clinical pharmacists over the study period (P = 0.43). The ID pharmacist triaged 77.2% of these referrals as suitable for review, and 75.7% of the accepted referrals were seen within 48 h.
Uptake of 'eReferrals' (Fig. 2) as a proportion of total antimicrobial round requests showed an increasing trend, from 59% in March 2015 to 88% in February 2016, (P < 0.001 for both linear and quadratic trends). The proportion of advice provided that was not followed decreased from 18% in March 2015 to 8.5% in February 2016 (P < 0.001). There were no missing data.
We observed a decreasing linear trend in usage rates over the same time period (Fig. 3) for piperacillin/tazobactam (P < 0.001), fluoroquinolones (P < 0.001) and glycopeptide agents (P < 0.001), but no change in broad-spectrum cephalosporin use (P = 0.99), while the volume of carbapenem consumption decreased up to the end of 2015 and subsequently increased (P < 0.001, quadratic trend). 
Discussion
Antimicrobial rounds have been shown to be an effective component of ASPs [12] . Adaptation of 'eReferrals' for antimicrobial rounds in our institution has proved popular, with a rapid and sustained level of uptake by clinical staff. Our model of identifying patients for antimicrobial round review primarily involves an initial assessment of appropriateness by clinical pharmacists. This avoids the need for the ASP team to review every patient receiving restricted antimicrobials, especially where the treating team already has a welldocumented and appropriate management plan.
Increased uptake of 'eReferrals' for antimicrobial rounds was associated with steadily increased adherence to the advice provided on these rounds, while the source of the referral (medical or pharmacist) did not change significantly and appeared unrelated to the trend in adherence. We postulate that the increase in adherence over time is likely multifactorial, including increased familiarity with the system and the service and relationship-building with medical staff directly responsible for patient care [10] . A significant decrease in the use of the broad-spectrum antibacterials; piperacillin/tazobactam, ciprofloxacin, moxifloxacin and the glycopeptide agent vancomycin was also noted. We believe that these findings are likely explained by increased efficiencies in the antimicrobial round referral and response processes enabled by 'eReferrals', which facilitates the earlier identification, prioritisation and review of inpatients prescribed antimicrobials. The use of electronic referrals has increased the number of patients referred for antimicrobial rounds by~2-fold in comparison with the manual system previously employed at a similar institution in this state [11] . Figure 3 Institutional antibacterial rates.
The retrospective, observational design of this study without before and after data limits the interpretation of our findings to association only and we cannot determine any causal relationship between use of the electronic referral system and adherence to advice or reduction in antimicrobial use. It must also be recognised that, although data were entered into the ASP database prospectively and contemporaneously, advice and adherence is categorised by a single observer (the ID pharmacist) who has an integral role in the referral process, which is a potential source of bias. With regard to the generalisability of our findings, there are several elements of the study setting that should be taken into consideration: the presence of a fully resourced, dedicated, ID pharmacist supported by senior ID and pharmacy departmental staff to advocate for the introduction and maintenance of the referral system; access for clinical pharmacists to submit referrals and high overall rates of adherence to advice provided [13] , which is likely to represent previously embedded culture; and finally, implementation at a new single institution with an emphasis on electronic solutions to healthcare.
Based on our positive experience with the use of 'eReferrals' for antimicrobial rounds at our institution, the same process has now been extended to two additional adult tertiary hospital sites and an affiliated specialist hospital within the state that still rely on paperbased medical record systems. The potential for extension to other areas of stewardship also exists, for example to review the prescription of high-cost drugs by appropriate teams of clinicians and expert pharmacists. The adaptation of existing electronic consultation applications such as 'eReferrals' within healthcare systems may be a more efficient use of scarce resources than the development of new built-for-purpose applications, and have a potential broad applicability as tools for improving pharmaceutical stewardship efforts across a variety of specialties.
